Hepatitis B virus (HBV) reactivation results from increased viral replication in inactive carriers or patients with prior infection with HBV. Reactivation may occur spontaneously or secondary to immunomodulating or immunosuppressive chemotherapy. Reactivation may manifest with no symptoms but on occasion results in acute or even severe acute hepatitis. Prevention is the best management approach, hence HBV screening using serology should be performed for all patients undergoing any immunomodulating, immunosuppressive or chemotherapeutic treatment. Antiviral prophylaxis has proven effective in inactive carriers and in some patients with former infection with HBV undergoing selected immunosuppressive therapies.
INTRODUCTION
The natural history of infection with HBV is highly heterogeneous and depends upon the interaction between viral, host, and environmental factors. When HBV infects a susceptible individual, it enters the hepatocyte and its DNA is incorporated into the cell's DNA, resulting in a covalent, circular, closed DNA form (DNAccc). DNAccc is transcribed in the hepatocyte's nucleus to form RNA, which later is translated in the cytoplasm to make up new viral particles. Thus, DNAccc acts as a template for the formation of new viruses that will infect other hepatocytes, and will remain in the nucleus until the liver cell is destroyed. B virus replication is not directly cytotoxic for cells. This accounts for the fact that despite high viral replication B virus carriers may be asymptomatic and display minimal liver damage.
During viral replication several antigens are expressed inside the liver cell; some are expressed in the cell membrane (HBcAg), some are released as circulating particles into the blood stream (HBsAg and HBeAg). The host's immune system recognizes these antigens as foreign, and triggers an immune response. On the one hand, a Th1 response is triggered that activates CD-8 lymphocytes and TNF-alpha formation, thus inducing the destruction of infected hepatocytes. On the other hand, a Th-2 response results where B-cells release antibodies against various antigens, and neutralize circulating viruses, thus preventing further liver cells from becoming infected.
If the immune response is effective all infected hepatocytes will be destroyed, and the infection will be resolved. If the immune response is inadequate, infection becomes chronic land progresses along 5 stages.
The immune tolerance stage is characterized by high viral replication (high B-virus DNA, positive HBsAg and HBeAg) resulting from poor immune response, which accounts for lack of histological damage and normal transaminases. The length of this stage depends on age at infection -it is long for perinatal infection and short for infection acquired during childhood or adulthood.
When immune tolerance subsides, the immune system destroys infected liver cells, which results in elevated transaminases, gradual viral load decrease, and liver necroinflammation. This is the immune activity stage, which clinically correlates with positive-HBeAg chronic hepatitis.
A relevant result of the immune activity stage is HBeAg seroconversion, characterized by HBeAg nega-tivity, antiHBe positivity, low or undetectable HBV, and liver injury stabilization. This stage, known as the inactive carrier status, may last for years, and HBsAg seroconversion (past hepatitis) occurs in 1-2% of patients annually. However, these patients usually retain DNAccc in a number of hepatocytes (1) .
Under certain circumstances, inactive carriers may undergo reactivation of viral replication while with positive antiHBe, which may be related to spontaneous or induced viral mutation, or loss of immune control. In this situation HBeAg remains negative, antiHBe is positive, viral DNA and transaminases increase, and there is greater liver cell damage. This is called HBeAg-negative chronic hepatitis.
In the last few years a new stage of chronic infection was defined, namely the negative HBsAg (or occult HBV) stage. It usually occurs in long-term inactive carriers whose immune system managed to clear HBsAg while circulating viral DNA persisted in very low levels or was exclusively detected in liver tissue (DNCccc). Such patients usually have no significant histological injury but may display sequels from prior necroinflammation. In selected immune suppression situations this group of patients, and exceptionally patients with past hepatitis B serology, may undergo HBV reactivation characterized by elevated viral load (≥ 1 log IU/ml), HBeAg and HBsAg recurrence, and increased transaminases above baseline values. Such reactivations are usually asymptomatic but may on occasion drift towards clinical hepatitis as defined by ALT 3 times its basal value together with the development of jaundice and other acute hepatitis symptoms (2, 3) . Table I lists the serological profiles of chronic infection with HBV, and the scenarios where HBV reactivation may occur.
The changed relationship between the host's immune system and HBV is responsible for this reactivation. Up to 20-30% of inactive carriers may experience spontaneous reactivation related to the virus itself. Reactivation may also result from immune response changes induced by immunosuppression secondary to drug therapies, as is the case with solid organ and bone marrow transplants, chemotherapy for malignancies or the use of biological agents for immunebased conditions.
EPIDEMIOLOGICAL IMPACT OF CHRONIC INFECTION WITH HBV
It is estimated that 350-400 million people are HBsAg carriers worldwide. This population is distributed in three distinct endemicity areas based on HBsAg prevalence, with Southeast Asia and Africa exhibiting the highest prevalence. Spain is an intermediate endemicity country. In 1980, the prevalence of HBsAg and past hepatitis B carriers in Spain was 1.2-2% and 20%, respectively. Following the implementation of universal immunization programs against HBV, initially for adolescents then for newborns, the prevalence of HBsAg and past hepatitis B carriers in 2007 has decreased dramatically to 0.7% and 8.7%, respectively (4). These proportions are increased in advanced age groups and among the immigrant population. The prevalence of positive antiHBc in Spain among the population coming from high-endemicity areas such as Asia and Africa is 27.6% for Asians and 18.8% for Africans (5) . Given the gradual increase of immigration rates in our country, this prevalence may be further increased. The prevalence of infection with occult B virus varies widely among studies: 0-89% in HIV patients and 0-36.8% in subjects undergoing hemodialysis (6) .
As this epidemiological status represents a risk factor for HBV reactivation, the susceptible population is numerous, which prompts an optimization of prevention and management measures for this condition. On the other hand, improved prevention, health promotion, and therapies have managed to increase life expectancy for both the general population and HBsAg carriers, with a greater risk for developing malignancies in need of chemotherapy.
EPIDEMIOLOGICAL AND CLINICAL ASPECTS OF HEPATITIS B VIRUS REACTIVATION
Epidemiology and factors associated with reactivation -Patients undergoing chemotherapy for solid and blood malignancies: hepatocarcinoma (7), nasopharyngeal tumors (8) , breast cancer (9), leukemia (10), lymphoma (11) , and bone marrow transplant (12, 13 -Pacients receiving immunomodulators (methotrexate) (14) or biologic agents (anti-TNF) (15, 16) ; -Patients undergoing immunosuppression for solid organ transplantation (17, 18) .
Given their immunosuppressive activity, any chemotherapy agent may favor reactivation (19) . Table II lists chemotherapy drugs associated with B virus reactivation.
HBV reactivation in inactive carriers is 50% in patients undergoing chemotherapy (20) (21) (22) (23) , and 50-96% in patients undergoing renal or heart transplants (2,24); HBV reactivation in antiHBc-positive patients is lower, 6-10% and 0.9% in subjects receiving chemotherapy (25) (26) and in patients with solid organ transplants, respectively (27) .
Reactivation does not occur in all HBsAg-positive or antiHBc-positive carriers. Various factors related to the virus, host, and treatment type (immunosuppression extent) have been associated with B virus reactivation. Patients with a basal viral load higher than 104copies/ml and HBeAg carriers are more susceptible to reactivation (20, (23) (24) (25) (26) 28) , as well as males and younger individuals (20, 28) .
On the other hand, increased B virus reactivation has been described in patients undergoing aggressive immunosuppressive therapies such as chemotherapy combined with corticoids or the use of rituximab. In a study reported by Cheng et al (2003) patients with nonHodgkin lymphoma who were positive for HBsAg were randomized to receive chemotherapy (epirubicin, cyclophosphamide, etoposide) with or without corticoids. This second group had a higher incidence of B virus reactivation (73% vs. 38%) and hepatitis (44% vs. 13%) (10) .
Rituximab is a monoclonal antibody against antigen CD20, expressed on the surface of B-lymphocytes. This drug depletes B-cell population and antibody levels, and decreased the immune response, thus favoring B virus replication. This is why treatment with rituximab, whether associated with corticoids or otherwise, has a greater risk of reactivation, as shown in a study by (25) where 12% of patients treated with rituximab had reactivation versus 1% among the rest of patients. Another, more recent study supports this; 25% of patients with lymphoma and positive AntiHBc receiving cyclophosphamide, doxorubicin, vincristin, prednisone (CHOP) and rituximab had their B virus reactivated as compared to no patients in the group treated exclusively with CHOP (26) .
B virus reactivation in patients undergoing bone marrow transplantation is almost universal in HBsAgpositive patients, around 50% in antiHBc-positive patients, and 20% in patients with past hepatitis B (2, 12, (29) (30) (31) . This correlates to high-dose chemotherapy administered during pretransplant conditioning and later consolidation.
Manifestations and diagnosis of B virus reactivation
Reactivation may occur any time during therapy but is more common at therapy onset or after therapy completion because of immune reconstitution. Hepatitis virus B reactivation usually follows three stages (Table III): 1. Replication: increase in HBV DNA levels above 1 log from baseline or above 20,000 IU/ml, which corresponds to the transition from inactive carrier with undetectable viral load to active viral replication with HBeAg comeback and AntiHBe negativization (seroconversion phenomenon). 
2.
Hepatitis: increase in transaminase levels 3 times above baseline, which occurs at 2-3 weeks after DNA increase. In this stage, the patient may have symptoms such as asthenia, malaise, jaundice, and even severe acute hepatitis signs.
3. Recovery: in surviving patients B virus DNA and transaminases return to baseline usually following the discontinuation of cancer therapy or the introduction of antiviral therapy.
Reactivation in patients with positive antiHBc may manifest with only an increase in viral load with no elevated transaminases (2) .
Clinical consequences of HBV reactivation
HBV reactivation may have two important results in patients on chemotherapy. On the one hand there is a risk for acute hepatitis, even severe acute hepatitis, with its associated morbidity and mortality. Direct mortality from B virus reactivation is primarily related to acute liver failure up to 1 year after treatment discontinuation. A metaanalysis by Kazt et al including 21 studies reports that 24-100% of patients with viral reactivation eventually develop acute hepatitis and 0-50% of mortality in these subjects was related to HBV. Table IV describes the incidence of reactivation, hepatitis, and severe hepatitis in major studies.
Another consequence of HBV reactivation is related with a need to delay or even discontinue chemotherapy, with the negative clinical impact it may have on total survival. In this same metaanalysis 10-19% of patients were withdrawn from treatment (32) .
HBV reactivation in the setting of solid organ transplantation may also have serious effects, not only because of increased all-cause mortality (RR: 2.49; 95% CI: 1.64-3.78) but also because of increased risk for graft failure (RR: 1.44; 95% CI: 1.02-2.04), as noted in the metaanalysis by Fabrizi et al (33) in patients with renal transplant.
The clinical presentation of reactivation in patients undergoing bone marrow transplants usually manifests as serious hepatitis with delayed onset, after 1 to 3 years following transplantation (12-29-31) .
In an attempt to prevent these unfavorable clinical outcomes current recommendations as per European guidelines and the latest consensus papers suggest serological HBV screening for all patients undergoing chemotherapy, immunosuppressive therapy (mainly transplanted individuals), and biological therapy (anti-tumor necrosis factor) (2, (34) (35) .
B virus screening in this population at risk is no universal practice, as demonstrated in the study by Tran et al. In a survey to 265 American oncologists, 20% never ordered HBV serology, and 30% only ordered this test for patients with abnormal liver function tests; in addition, for HBV carriers up to 15% of specialists prescribed no prophylactic therapy and made no referrals to hepatologists (36) .
Estimated impact of HBV reactivation on populations at risk
To adequately approach the epidemiological and clinical significance of HBV reactivation in our country, we should accurately estimate the number of patients exposed to each drug class with potential for inducing reactivation. However, collecting such information is highly complex since no data are usually recorded on the use of such drugs by patients. Data are only available on the prevalence of related conditions (particularly on malignancies and transplants) and on the use of biological agents.
In an attempt to approach the relevant risk HBV reactivation may pose for public health, and to make the medical community aware of the need for HBV screening in populations at risk the following epidemiological data should be considered.
Patients exposed to antineoplastic drugs
The one approximation feasible to estimate the number of patients that may have received or be receiving any of the chemotherapy drugs listed in table II is based on the prevalence of neoplasms where these drugs are indicated. Given the high variability of drug classes in the list, these drugs are virtually indicated for all types of malignancy.
According to the report El Cáncer en España (37), published by SEOM (Sociedad Española de Oncología Médica) in January 2010, the current prevalence of cancer in Spain is currently estimated in over 1,500,000 people. The approximate percentage of patients receiving chemotherapy is around 25-30% (38) . Hence, the total number of patients exposed to chemotherapy oscillates between 375,000 and 450,000.
In addition, data on the incidence of cancer are available from Spanish registries for the period 1998-2002 - between 324 and 511 cases/100,000 males/year and between 204 and 286 cases/100,000 females/year. Considering the percentage that will undergo treatment the incidence of Spanish men and women who will be exposed to chemotherapy may be estimated around 100-150 cases/100,000 males/year and 60-85 cases/100,000 females /year.
Exposure to biological therapies
An estimation of exposure to these drugs may be obtained from the number of containers used in the past year. This parameter is based on the number of DDDs (defined daily doses) per thousand population and day, which provides an estimation of the number of patients daily receiving a specific drug (39) . DDD values are available from our Healthcare Area (Area 6, Madrid Community), which serves a population of around 621,395 inhabitants (http://vocaliamadrid.wordpress.com/area-6/). When all biologics available in Spain are considered, DDD/1000 population/day in 2009 is approximately 1; that is, in Area 6, in 2009, 1 out of 1000 inhabitants received daily a biologic agent DDD (Table V) .
Another approach would consider prior information of patients visiting the outpatient medication dispensation unit, hospital pharmacology department, to collect their drug. In our Healthcare Area, during February 2010, 240 patients with a major indication for biological therapy (rheumatoid arthritis, spondilitis, psoriasis, Crohn's disease) collected some of these drugs at the hospital pharmacy. This number may increase by around 8-10 new patients per month, hence annual administration may be estimated in around 340 patients/year. Furthermore, in 2009, infliximab was dispensed to 160 people in-hospital (or at the day hospital). As our Area covers a population of 621,395 inhabitants, data may be extrapolated for an estimation of the overall population exposed to these drugs, resulting in 80 patients exposed per 100,000 population/year.
Exposure to immunosuppressive therapies among the transplanted population
All patients transplanted for any indication receive immunosuppressive therapy, which they will maintain for the rest of their lives.
To estimate exposure to immunosuppressants in this group of patients we shall use data relating to new exposures during the previous year exclusively, with respect to the total number of transplants performed in Spain for any indication (40) . Table VI shows data related to the number of solid organ transplants in the last three years.
As can be seen, around 4,000 new patients in the last year were exposed to immunosuppressants in Spain connected with solid organ transplants. We also know the number of patients with hematological conditions who underwent a bone marrow transplant in 2008 (2124 patients).
To conclude, based on all the above data, the real relevance of HBV reactivation among the Spanish susceptible population may be envisaged. In the transplant setting we have 4028 solid organ and 2012 bone marrow transplants (data from 2009 and 2008, respectively); regarding oncology around 46,000 patients/year will receive chemotherapy (approximately 100/100,000 inhabitants), whereas around 37,013 people will undergo treatment with biological therapies for primary indications (500/621,395 inhabitants). By adding all patient groups together, the overall Spanish population on drugs at risk of inducing HBV reactivation is 89,053 new subjects yearly. Of this population 623 will be HBV carriers (0.7% positive HBsAg in Spain) and 7748 will exhibit antiHBc positivity (8.7% of positive antiHBc in Spain). Should HBV screening recommendations fail to be implemented for these at-risk populations, and should preventive measures fail to be considered against reactivation, based on incidence numbers listed in table IV 187 new reactivation cases will occur yearly only among HBV carriers (positive HBsAg), 80 of which will clinically manifest as hepatitis with 5 to 25 having a serious outcome. When this analysis is performed on the antiH- 
MANAGING HEPATITIS B REACTIVATION
Following a diagnosis with B virus reactivation chemotherapy should be first discontinued to allow immune system recovery. However, this intervention may lead to reduced treatment effectiveness and increased mortality. Therefore, all risks and benefits must be considered before making such a decision.
The next measure is antiviral therapy onset. Most reported studies used lamivudin because of its wide availability for years (41) (42) (43) (44) (45) (46) . However, lamivudin has a high rate of resistance (14% the first year, 65% at 5 years), which currently confines its use as a second-line therapy. First-choice drugs for the management of HBV reactivation should currently be those administered for chronic hepatitis B. Drugs with higher antiviral potency and lower long-term resistance rates should be administered initially. Two drugs currently meet these requirements and should be used for first-line therapy -entecavir and tenofovir. These drugs should be maintained indefinitely until virological and serological goals are reached as established by major consensus guidelines for the management of hepatitis B (34, 47) . Only two cases of HBV reactivation treated with first-line entecavir have been reported to date, with excellent clinical and virological results (48) (49) . A case of hepatitis B reactivation successfully treated with telbivudin was also recently reported (50) .
Based on studies reporting the use of lamivudin, mortality rates associated with HBV despite lamivudin oscillate between 13% and 80%. Such high mortality highlights the relevance of reactivation preventing strategies as a measure to reduce complications and mortality in association with established reactivation.
PREVENTING B VIRUS REACTIVATION

Patients treated with chemotherapy agents (solid organ tumors and bone marrow transplants)
HBsAg-positive patients
Many retrospective and prospective studies with and without historical controls have confirmed a reduced incidence of B virus reactivation and associated mortality in inactive carriers prophylactically treated with nucleoside analogues, and lamivudin was the most widely used drug (19) . Lamivudin inhibits viral respiration and decreases the risk of clinical hepatitis and its associated mortality. However only 3 prospective controlled studies have been reported in inactive carriers treated with chemotherapy for various indications.
The first prospective, randomized study was published in 2003 by Lau et al. Thirty patients with positive HBsAg and lymphoma were randomized to lamiudin 100 mg/day from one week prior to chemotherapy onset to 6 weeks later, or to receive said therapy in the presence of reactivation evidence. The various chemotherapy lines included cyclophosphamide, epirubicin, vincristin, prednisone (CEOP); adriamycin, bleomycin, vinblastin, dacarbazine (ABVD); cyclophosphamide, vincristin, procarbazine and prednisone (COPP) and CHOP. Fifty-three percent of patients not receiving preventive therapy developed B virus reactivation (7% hepatitis) versus no patient in the group with prophylaxis (22) .
In another controlled study (20) 51 inactive carriers diagnosed with non-Hodgkin lymphoma were randomized to prophylaxis using lamivudin 100 mg/day since chemotherapy onset (CHOP) until two months after therapy completion, or to receive such therapy should hepatitis develop. In all, 7.7% of patients in the prophylaxis group and 48% of patients in the group with no prevention developed hepatitis because of viral reactivation. Upon lamivudin discontinuation, five patients developed viral reactivation, and two of them died from acute hepatitis.
The team of Jang et al randomized patients with HBV and hepatocarcinoma who would undergo chemoembolization to lamivudin 100mg/day from chemoembolization onset or no preventive therapy. Reactivation occurred in 2.8% of patients undergoing prophylaxis versus 29.7% of patients not randomized to lamivudin (23) .
Scientific evidence favoring the use of lamivudin for preventing HBV reactivation was supported by two metaanalyses (32,51) including 35 studies. Both metaanalyses confirm a reduced hepatitis rates from viral reactivation, reduced all-cause mortality, and reduced B virus-related mortality in the prophylaxis group.
Therefore, all carriers to undergo chemotherapy should receive antiviral prophylaxis. No studies specifically designed to establish preventive therapy duration have been performed. An approximation may be derived from a review of two studies (52-53) including a total of 161 inactive HBV carriers with blood or solid malignancies who received prophylaxis with lamivudin from 1 week prior to chemotherapy onset to 1-6 months after chemotherapy completion. During follow-up without prophylaxis 13% to 24% of these patients had reactivation. On analyzing baseline factors associated with reactivation HBeAg-positive subjects with a high viral load (> 2,000-20,000 IU/ml) at baseline and treated for a blood malignancy were seen to have a higher risk for reactivation. Based on these observations, guidelines recommend that prophylaxis be initiated within 1 week prior to chemotherapy onset to 6-12 months after therapy completion.
Regarding the prophylactic antiviral drug of choice most studies have used lamivudin. However, reactivation events have been described in up to 9.6% of inactive carrier patients on prophylactic lamivudin, some of these related to demonstrated genotypal mutations against lamivudin. The risk for lamivudin failure has been associated with baseline viral load, and is significantly higher for viral loads above 20,000 IU/ml (HR 3.91 CI: 1.63-9.39, P = 0.002) (51) . The development of new, more potent nucleoside analogues with reduced resistance will hopefully lead to their inclusion as measures for reactivation prevention.
Based on such evidence major hepatology societies (33, 45, 52) recommend that all HBsAg carriers bound to undergo chemotherapy should receive prophylaxis with lamivudin when chemotherapy has an estimated duration of 12 months and baseline viral load is undetectable. In contrast, should therapy duration be shorter than 12 months, entecavir or tenofovir are recommended. During prophylaxis ALT levels should be monitored every 4 weeks, and HBV DNA every 3 months or in case of elevated ALT. Should viral load increase 1 log above baseline levels a potential development of resistance should be considered, and antiviral therapy should be modified according to consensus guidelines. Given the risk for late reactivation following prophylaxis discontinuation laboratory surveillance should be ongoing to 1 year after therapy completion.
Patients with HBcAc +/-HBsAc
Four reported studies assessed the outcome of patients with positive AntiHBc +/-AntiHBs serology on chemotherapy. In the one prospective, observational study (Borentain) 8% of patients had reactivation (7/84), three of which (47%) died from liver failure despite therapy with lamivudin (55) . The other studies (25) (26) 56 ) included a total of 303 patients diagnosed with blood malignancies. Reactivation percentages oscillated between 3% and 24%, and the only common factor for this phenomenon was rituximab (25) (26) .
Other factors related to reactivation included the presence of detectable HBV DNA pretreatment (25) , receiving more than just one chemotherapy line, having had a BMT, or AntiHBs titers below 10 IU/ml in patients with past hepatitis B serology (55) .
As previously discussed, patients undergoing bone marrow transplants have a higher reactivation rate due to aggressive immunosuppressive therapy, and up to 50% of AntiHBc-positive patients may develop viral reactivation (2) .
Based on this information, prophylaxis recommendations for HBsAg-negative/AntiHBc-positive patients bound to receive chemotherapy and/or immunosuppression relies on ALT and viral load monitorization during therapy, with nucleoside analogue initiation should viral load increase. Patients who will undergo a bone marrow transplant or aggressive immunosuppression should receive prophylaxis with lamivudin from the start (2, 34) .
Patients on biologic therapies
Inactive carriers or subjects with positive antiHBc and rheumatological, skin, gastrointestinal or allergic conditions on immunosuppressants may develop HBV reactivation but with a lower incidence (2) . Reactivation associated with immunomodulators is rare but has been described (14, (57) (58) . However, the drug class most commonly associated with reactivation is that of anti-TNF alpha antibodies. Killer T-cells together with TNF-alpha and interferon gamma play a key role in the inhibition of HBV replication and clearance of infected liver cells. Interaction between TNF-alpha and IFNgamma suppresses viral replication and helps eliminate HBV by acting on all its antigens. TNF-alpha destroys infected liver cells by activating apoptotic mechanisms. These antiviral effects of TNF-alpha may be blocked using monoclonal anti-TNF-alpha antibodies, which reactivate viral replication and the risk for clinical hepatitis (1, 15) . Anti-TNF-alpha drugs available in Spain include infliximab, adalimumab, and etanercept.
The incidence of reactivation is uncertain since no prospective studies exist, and most reports refer to case series. Experience with infliximab is widest, and includes 21 patients (14, (58) (59) (60) (61) (62) (63) (64) (65) (66) (67) (68) . No patient receiving prophylaxis with lamivudin or entecavir (60) had a reactivation event, whereas most untreated patients had a clinical reactivation event, some with fulminant hepatitis, death, or liver transplant (61) .
Evidence available with etanercept is smaller. From 2006 to 2009 7 HBV carrying patients have been reported with rheumatological conditions on etanercept. Only one severe reactivation event was described in a patient with past hepatitis B serology, whose response to lamivudin was excellent (68) . The remaining patients (15, 68, 70) had exclusively virological reactivations with no clinical impact and a good outcome. No patient on prophylactic lamivudin had reactivation (68) .
Regarding adalimumab only two reports exist including 3 patients with HBV (70, 71) . Only one had reactivation without clinical hepatitis, one received prophylaxis and had no reactivation, and one has no reactivation data after follow-up.
Two studies have been reported in an attempt to assess the true clinical impact HBV reactivation may have on the overall population on anti-TNF drugs. One, which was performed in 103 patients with rheumatological disease on one of the 3 mentioned anti-TNFs, reported one reactivation event among all 8 inactive carriers in the cohort (72) . The patient had received infliximab. None of the remaining patients treated with adalimumab or etanercept experienced reactivation. The second study, performed in Spain on a series of 80 patients with inflammatory bowel disease on infliximab, detected 3 HBsAg carriers. The two patients on infliximab who received no prophylaxis against HBV experienced viral reactivation whereas the patient who received lamivudin had no reactivation (16) .
To conclude, it may be stated that the indication of prophylaxis for patients on classic immunosuppressants (steroids, azathioprine or methotrexate) is not clearly established given the low rate of reactivation. The use of prophylaxis in inactive carriers to be treated with infliximab is indicated because of available evidence. While experience with adalimumab and etanercept does not seem to demonstrate such a high risk for reactivation, the paucity of reported cases and described mechanisms of action in this drug class renders prophylaxis desirable. The antiviral drug of choice for prophylaxis in this group of patients is not clearly established. Since anti-TNF therapy is usually prolonged, and given the known resistance rate for lamivudin, it seems only logical that drugs with a low resistance profile in the mid-long term should be used, including entecavir and tenofovir.
Patients on immunosuppressants for solid organ transplant
This section will only discuss the available experience with non-liver solid organ transplants. The prophylaxis and therapy of liver transplant for HBV involves such complex features that it deserves a specific chapter.
Patients undergoing solid organ transplants usually require prolonged immunosuppression to prevent rejection, which may favor HBV reactivation.
Because of this, transaminases, HBV serology, and HBV viral load in the case of HBV carriers should all be measured in patients assessed for inclusion in wait lists for renal, heart or lung transplantation. For HBsAg-positive patients, therapy should start with oral antiviral drugs, at transplantation when organs come from cadaveric donors or 4-6 weeks before transplant in the case of living donors. ALT and HBV DNA must be monitored every 3 months after transplant, and more closely during immunosuppression changes or augmentation. While studies have been performed with lamivudin, its high rate of resistance and the prolonged duration of immunosuppressive therapy advise that antivirals with a lower resistance rate (entecavir or tenofovir) be recommended at present (34) (35) . Patients with past hepatitis B serology (positive AntiHBs and AntiHBc) should have their antiHBs titer measured. For titers higher than 100 IU/ml follow-up with transaminase monitoring is recommended; for titers lower than 100 IU/ml a new immunization should be considered. In patients positive for AntiHBc and negative for AntiHBs the potential for clinical reactivation is smaller. In a study in 38 antiHBc-positive/HBsAgnegative patients undergoing solid organ transplantation, 44% had a detectable viral load post-transplant but only 5% became positive for HBsAg and none had clinical evidence of hepatitis (73) . Based on these results, prophylaxis should only be considered for maximum immunosuppression periods, including the management of rejection episodes (35) .
CONCLUSIONS
The risk for reactivation in inactive carriers or antiHBc-positive patients undergoing immunosuppressive therapy is high. This may result in increased patient morbidity and mortality. Thus, all patients scheduled to undergo immunosuppressive therapy or transplant should be tested for HBV serology. A patient with negative serology is susceptible to infection and must be immunized.
A patient positive for HBsAg should have HBV DNA measured. When HBV DNA is higher than 2000 IU/ml conventional antiviral therapy should be administered with first-choice nucleoside analogues. When HBV DNA is lower than 2000 IU/ml or undetectable prophylaxis with lamivudin is recommended when estimated therapy duration is shorter than 12 months, or with entecavir/tenofovir is therapy will last longer than 12 months.
If a patient is positive for AntiHBc with or without AntiHBs HBV DNA should be tested. If DNA is detectable or immunosuppressive therapy is highly aggressive (bone marrow transplant) prophylaxis is recommended. Otherwise transaminases and HBV DNA should be monitored every three months for the duration of immunosuppressive therapy, with antivirals being initiated should viral load increase. Figure 1 shows the algorithm recommended for the management of patients undergoing immunosuppressive therapy.
